We perform a detailed analysis in order to estimate the proton lifetime in the context of simple supersymmetric SU(5) model with an extradimension compactified on the orbifold
The introduction of extradimensions can solve in a very elegant way some problems arising in the context of simple supersymmetric SU(5) model. We know that the latter is actually ruled out (or at least tightly constrained) because of the presence of dangerous dimension 5 operators that cause too fast proton decay, in contrast with present stringent limits on the proton lifetime set in many channels. From the theoretical point of view a real difficulty of minimal GUT model is the so called doublet-triplet splitting problem, that is how to explain light electroweak Higgs doublets but heavy Higgs triplets, both occurring in the same gauge multiplet.
With the introduction of an extradimension compactified on an orbifold, we can solve these two problems in a simple and elegant way , since we can create a KK-tower of particles, whose zero modes are only the Standard Model gauge bosons and the Higgs doublets, while the SU(5) but not SM gauge bosons and the Higgs triplets get heavy masses of order of the compactification scale M c ≡ 1/R. So the orbifold, not only solve the doublet-triplet problem, without the introduction of an ad hoc scalar potential, but also mediate the gauge symmetry breaking, because zero modes do not form a full multiplet of the gauge group. The automatic doublet-triplet splitting is also accompanied by the disappearance of dimension five operators for p-decay, after the introduction of an U (1) R symmetry. Therefore proton decay can only proceed through dimension six operators, that is through the interactions between fermions and gauge bosons.
The main ingredients in order to estimate proton lifetime are the compactification scale, as far as the decay rate scales as the fourth-inverse power of it, and the fermionic sector. We evaluate M c from a next-to-leading order analysis of the gauge coupling unification, including two-loop running, heavy thresholds coming from KK particles, light threshold from Susy particles and SU (5) violating terms, due to the presence of kinetic terms at the SM brane, allowed in principle by the theory. We also account for experimental error, dominated by α 3 , but the largest error bar is the linear sum of this one and the theoretical one from the unknown SU (5) violating terms. The probability is almost equal in this interval, because we have no reason to choice a value, rather than another. This big uncertainty make the compactification scale to lie in a relatively large interval:
M c ≈ 10 14 ÷ 10 16 GeV As far as concerns the fermionic sector, we analyse 3 different options, according to different localization of matter fields on the brane or in the bulk. OPTION 0 is the simplest SU (5) fivedimensional realization, since all matter is localized on the SU (5) brane, so that the couplings between gauge bosons and fermions are essentially the same of conventional model. This option is almost ruled out by p-decay. In the other two options the observed hierarchies among fermion masses arise from different localizations of matter fields. Only brane fields can contribute to p-decay, and this bring to huge flavor suppression. The dominant decay mode is p → K + ν, since this final state has the smallest flavor suppression. We notice that there is a huge theoretical uncertainty that spreads over many order of magnitudes, due to the compactification scale M c , which is only know up to about two order of magnitudes. Since the proton lifetime scales as M 4 c , this corresponds to an uncertainty of more than eight order of magnitudes on the inverse rates.
